Introduction
The legacy of short-lived nuclides, now extinct in the solar system, is important since their production spans a smaller number of nucleosynthesis events than that of stable nuclides. Such events occur continuously in the Galaxy and it has been estimated that radioactive species with lifetimes > ∼ 5 − 10 Myr should attain approximate steady-state abundances in the interstellar medium (ISM) (Meyer & Clayton 2000) . The case of 244 Pu (t 1/2 =81 Myr) is interesting (Wasserburg et al. 1996) , as a pure r-process nuclide produced -3 -in supernova and neutron-star disruption. Its presence in early-solar material has been inferred from Xe isotopic anomalies (Wasserburg et al. 1985; Kuroda and Myers 1997) .
The early-solar 244 Pu/ 238 U ratio was established to be ∼0.007 (Hudson et al. 1989 ) which is about that expected from uniform production (Wasserburg et al. 1996) .
The study of ISM has attracted considerable attention in the last decade, leading to the identification of ISM grains in the inner solar system by the Ulysses (Grün et al. 1993) and Galileo space missions (Baguhl et al. 1995) . The elemental and isotopic composition of these grains will be a major goal of research with their recovery to Earth by the Stardust mission (Brownlee et al. 1996) planned for 2006. Sizable dust grains incident on Earth have been identified to be of interstellar origin by the ground-based AMOR radar array (Baggaley 2000; Landgraf et al. 2000) . The observations determine a flux of ∼ 1.8 × 10
and of < 3 × 10 −10 m −2 s −1 at southern and northern ecliptic latitudes respectively for ISM grains of mass > 3 × 10 −10 kg. An unmistakable signature for such material accreting on Earth would be the presence of short-lived nuclides now extinct in solar-system material.
We report on a search (Sakamoto et al. 1999; Valenta et al. 2000) for 244 Pu accumulated on Earth through cosmic dust deposition. This search is based on deepsea sediment which, owing to very low sedimentation rates (∼ 0.8-3 mm/kyr, see (Goldberg & Koide 1962) ), offers a favorable matrix. The nuclide 244 Pu can be detected with high sensitivity by accelerator mass spectrometry (AMS). Evidence for the presence of 244 Pu in a rare-earth mineral has been reported (Hoffman et al. 1971) . A hypothesis that this nuclide could originate from extraterrestrial material, later subducted into the mineral, has been considered (Hoffman et al. 1971; Sakamoto 1974) . The detection of short-lived nuclides injected from a hypothetical near-Earth supernova has also been considered (Ellis et al. 1996; Knie et al. 1999; Fields & Ellis 1999) and evidence for 60 Fe in an oceanic manganese nodule, interpreted as originating from such an event, has been published -4 - (Knie et al. 1999) . The same group recently reported measurements of Pu isotopes in a manganese crust (Wallner et al. 2000; Faestermann & Korschinek 2001) .
2.
244 Pu analysis of a deep-sea sediment sample A deep-sea sediment sample was treated at Kanazawa University for Pu extraction and α counting (Sakamoto et al. 1999) . After α-counting, the Pu-electroplated disk of the main fraction was shipped to the Hebrew University for AMS analysis. The Pu layer was dissolved in a HCl solution containing 2.4 mg Fe 3+ and Pu co-precipitated with iron (III) hydroxide using ammonia solution. The overall efficiency of Pu recovery was determined to be ∼80%. The precipitate was dried, ignited to Fe 2 O 3 , divided in two parts, then pressed into the cathode holders of a Cs-sputter negative ion source (Gelbart et al. 1997 (Cooper et al. 2000) ).
Reasonable agreement is also observed for 241 Pu after correction for its radioactive decay.
The measured relative abundance of 242 Pu is in excess of the expected value for fallout or any natural source and is attributed to a laboratory contamination. Special care was taken to reduce any memory effect in the AMS ion source between the measurement with a calibration cathode and that of the sediment sample. A run of 4 hours before the latter measurement, using a stainless steel dummy cathode in the ion source, yielded no counts of 244 Pu. Only one count of 244 Pu with no background ions was detected during 3.5 hours for -6 -the sediment sample. The derived value of (3 ± 3) × 10 5 244 Pu atoms fits within statistical error the estimated stratospheric fallout content ((6.8 ± 3.2) × 10 5 244 Pu atoms) of the sample. The value for the 244 Pu abundance in stratospheric nuclear fallout was extrapolated from the stratospheric ratios A Pu/ A−1 Pu (A = 240-242) (see (Cooper et al. 2000) ), using a measured distribution of A Pu isotopes (A = 239-244) in the Mike thermonuclear device experiment (Diamond et al. 1960 ) and assuming the same effective neutron capture cross sections. Our results seem consistent with those reported recently by the Munich group (Wallner et al. 2000; Faestermann & Korschinek 2001) . We conclude from our measurement that any excess 244 Pu accumulated in deep-sea sediment from extraterrestrial sources is < 1.2 × 10 6 244 Pu atoms/kg-dry sediment at a 90% confidence level.
Limits on 244 Pu abundance
We shall take r sed = 1 mm/kyr as a representative value for the sedimentation rate in deep-sea pelagic sediment (Goldberg & Koide 1962) . Based on the short residence times of Pu in the atmosphere and in the ocean (<30 yrs, (Lal 2001 )), we can assume that the steady-state accumulation rate of ISM-244 Pu in deep-sea sediment is equal to its accretion rate on Earth. Using the above limit for 244 Pu concentration C 244 sed in the sediment, a sediment density ρ sed = 1.5 g/cm 3 , we obtain a limit for the interstellar g-ISM/cm 2 yr. This limit is quite conservative since it corresponds to only ∼ 5 × 10 −4 -7 -of the measured accretion rate of cosmic dust onto Earth of (40 ± 20) × 10 6 kg/yr (Love and Brownlee 1993) . The corresponding limit on the abundance of 244 Pu in ISM is
Further assuming that ISM has a solar-system uranium abundance of 9 × 10 −9 g-U/g (Anders & Grevesse 1989), we derive a limit of ( 244 P u/U) ISM < 2 × 10 −3 in steady-state ISM. This conservative upper limit is smaller by a factor of ∼3 than the adopted early-solar ratio. The latter value (0.007) was shown to be about half of that calculated with a uniform production (UP) model (Wasserburg et al. 1996) of actinides by supernova r-process. 
